Environmental bonds are a means to accounting for future environmental costs, yet examples of application in real-life scenarios are scarce, and estimation of fairness of the bonds is still poorly explored. We examined a recent Mexican Pacific maritime accident in which the aid of extra environmental assessments addressing long-lasting effects was needed, and contributed to the decision-making process of environmental authorities by means of an arrangement based on the legal figure of the environmental bond. The basis to estimate the bond was the cost of activities needed to fulfill compensatory measures, specifically, the cost of research programs that would set a baseline for monitoring long-lasting damage to the bottom. In order to proceed with analysis of environmental bonds, we employed cluster analysis for comparing mean depth, grain size, and composition and abundance of benthic fauna at the three sites set for monitoring long-lasting effects, under the assumption that no differences would mean bond overestimation whereas differences would mean fairness. The results show that the three sites were different enough to justify the spatial setting of three separate sampling campaigns, and that the bond was reasonably not overestimated. The approach appears suitable to address in a semi-analytical way current inquiries regarding fairness of the environmental bonds and so may contribute to the state of the art.
Introduction
Grounding of the 11 m in draft cargo ship APL Panama in December 2005 was a unique event on the coasts of Todos Santos Bay (Baja California, Mexico). Grounding was spectacular for the ship stayed still on soft bottoms in waters less than 8 m in depth and the entire cargo remained intact on board, Figure 1(b) . Rescue maneuvers for refloating the boat lasted almost three months.
The evaluation of the whole event required the aid of extra environmental assessments that focused particularly on sea-bottom long-lasting effects, and contributed to the decision-making process of environmental authorities by means of an arrangement based on the legal figure of the environmental bond.
The basis to estimate the bond was the cost of activities needed to fulfill compensatory measures, specifically, the cost of research programs that would set a baseline for monitoring long-lasting damage to the bottom.
Three different impact sources were acknowledged for grounding and rescue maneuvers. Accordingly, three sites were set to track the long-lasting effects on the sea bottom, and to perform the first monitoring sampling campaign [1] .
The use of environmental bonds to address long-lasting effects was a novelty when the environmental evaluation of the APL Panamá ship grounding occurred. Further reviews [2] showed that the procedure had been previously utilized in the environmental evaluation of coral reef accidents occurred in 1998, 2001 and 2005, and in a 2008 accident afterwards. Indeed, the state of the art revealed that a gap exists regarding procedures to estimate fairness of a given bond [3] .
In order to address that specific gap we performed cluster analysis comparing the three sites previously set for monitoring long-lasting effects and to estimate the bond. The assumption was that no differences would mean bond overestimation whereas differences would mean fairness. We propose that the bond was reasonably not overestimated, since the three sites were different enough to justify separate sampling campaigns. 
Conceptual Framework
The concept of environmental bonds is tightly linked to that of future environmental costs, which are a central point in the decision-making process of environmental authorities [4] . In practice, the issue demands the combined effort of lawyers, economists, policy makers, and insurance experts [5, 6] . Environmental bonds are adequate to address the aim of compensatory measures, a category acknowledged by most environmental regulations in which the existence of long-lasting, probably irreversible effects is accepted, and some kind of indemnification is considered fair [1] .
Environmental bonds that would provide an incentive to conduct research on the future effects of specific activities has been proposed to reveal potential future costs of activities having no historical precedents [4] . The spirit of that proposal is adequately reflected in the Mexican Environmental Law (Ley General del Equilibrio Ecológico y la Protección al Ambiente, LGEEPA, by its Spanish acronym) and correspondent Environmental Impact Assessment (EIA) regulations [1, 2] .
In the decision-making process of environmental authorities the practical consequences of setting a proper bond are non-trivial, for the offender's compliance depends on the accuracy of the calculation. Overestimation could lead to claims by the offender, and delays in the administrative process may occur, whereas underestimation may overlook environmental injuries. In fact, the dilemma is always at issue, and a gap still exists regarding procedures to estimate fairness of a given bond [3] .
Methods

Background
Impacts on sea bottom were the more impressive effects of ship grounding that deserved compensatory measures. Dragging the ship out of very shallow waters required dredging a channel at the grounding site. The channel was 350 m × 50 m × 10 m, and brought forth the need to deposit 70,000 m 3 of dredged sediments. The ship was then towed to a temporary mooring site at the center of Todos Santos Bay. Accordingly, the addressed sources of impact were (a) channel dredging; (b) disposal of dredged sediments and (c) potential impacts during mooring (e.g. spills), Figure 1 .
The research program for setting a baseline for further monitoring long-lasting damages included a) the design of three georeferenced sampling grids, one for each site, and b) a first sampling campaign in each site, in October and November 2006. The channel dredging site sampling grid was 400 × 600 m and comprised 12 stations; the disposal of dredged sediments site sampling grid was 700 × 300 m and comprised 15 stations; the mooring site sampling grid was 400 × 400 m and comprised 9 stations, Figure 2 .
The October-November sampling campaign included only depth and sediments for analysis of fauna, but missed sediments for grain size analysis. In order to proceed with further monitoring, a special research program on a yearly basis was created, in which all three issues are being addressed 1 .
The Research Question
The research question was: considering that three sites were set to track the long-lasting effects on the sea bottom, are the sites different enough so as to merit the spatial setting of three separate sampling campaigns?
The rationale underlying this question was that no differences would mean bond overestimation whereas differences would mean fairness.
The Procedure
To compare the sites we performed cluster analysis on the basis of available data on depth, grain size, and benthic organisms. Cluster analysis is an accepted multivariate statistical technique for analyzing and interpreting environmental quality data sets at a regional level. Clustering proceeds by calculating similarity among entities. A visual summary of the results of the clustering process is usually depicted in a dendrogram [7] .
Data taken during the first sampling campaign (2006) were employed for depth and benthic organisms. To solve the fact that grain size data were not available for the 2006 campaign, we took our own data from the October-November 2008 campaign under the assumption that the 2006 and 2008 conditions would be the same. This extrapolation was supported by preliminary data of the monitoring program now in progress, showing no changes in sediments in the 2008 to 2009 interval [2] .
To run the cluster analysis according to depth, data of the sampling grid at each site were arranged to obtain single values of mean depth, standard deviation and depth range, Table 1 .
For grain size of sediments, data of the sampling grid at each site were arranged to obtain mean values of the different size fractions, Table 2 .
For benthic fauna, species-abundance data was added to the sampling grid to obtain total abundance of each species at each site, Table 3 .
Analyses were performed with the MVSP program ver. 3.01 for Windows (Multi-Variate Statistical Package).
Gower's General Index of Similarity was employed ite.
for depth and grain size analysis, and Pearson's Coefficient of Similarity for benthic fauna analysis. Linking strategy was UPGMA (Unweighted Pair Group Metric Average).
The 50% was taken as benchmark to ascribe degrees of similarity.
Results
Dendrograms showed strong differences (only 4% and 20% similarity) or weak similarity (55% and 60%) among sites. Dredging was the more dissimilar site according to depth, whereas mooring was the more dissimilar according to grain size and fauna, Figure 3 .
According to depth parameters, the dredging site was considerably different (only 20% similarity) and the other two were 60% similar. These results reflect the profound alterations that dredging imposed on the bottom profile, and also suggest that depth standard deviation and depth range are preferable to mean depth to describe the impact.
According to grain size, the mooring site was very different from the rest (only 20% similarity) and the other two were 55% similar. This is consistent with predominance of silt and very fine sands at the mooring site, and the prevalence of very fine sands at dredging and deposit sites. The results reflect direct impact that occurred at dredging and deposit sites, and null impact at the mooring site.
According to benthic organisms, the mooring site was the more dissimilar (only 4% similarity) and the other two had less than 50% similarity. These results appear in accordance with exclusive presence or overwhelming abundance of species such as Aphelochaeta monilaris and Chaetozone setosa at the mooring site, as well as meager or null abundance of species such as Apoprionospio pygmaea and Mediomastus ambiseta which were dominant at dredging and deposit sites. The results may reflect the direct impacts that occurred at dredging and deposit sites, and null impacts at the mooring s
Discussion and Conclusions
In the original study [1] the basis to estimate the bond was the cost of activities needed to fulfill compensatory measures, specifically, the cost of research programs that would set a baseline for monitoring long-lasting damage to the bottom. In that sense, the structure of the approach fulfilled the aim of environmental bonds that would provide an incentive to conduct research on the future effects of specific activities [4] . Our study is coherent with these approaches since novel research was conducted to further explore current inquiries. In general, our results endorse the hypothesis that sites were different enough to justify the spatial setting of three separate sampling campaigns, and that the bond was reasonably not overestimated. To our knowledge, no attempts to address the issue in an objective mode have been made in Mexico before.
The way we linked levels of similarity among the sites with some kind of decision-making diagnosis has few precedents. Betters and Rubingh [8] related different levels of similarity with the identification of homogeneous land parcels as a way to define specific management units. Ortiz-Lozano [9] associated different levels of similarity with homogeneous coral reef units as a way to assign management policies.
Our analysis rested on impact sources and ecological routes identified in the original environmental evaluation. In the light of our results, it appears that a sound spatial representation of impacts and reasonable ecological routes are essential to proceed with further analysis on the environmental bond issue.
A georeferenced grid of the impacted area, like the one set in the original study, appears also important for spatial monitoring. In that sense, only one out of four Mexican cases in which environmental bonds have been applied would be apt to proceed in the same way we did. Specifically, only the environmental evaluation of grounding of the Cembay vessel on Caribbean coral reefs would serve, for it included spatial and temporal settings [2] .
In our study area, further advances in the environmental bond issue would cover temporal monitoring. In the event of the Cembay accident, cited above, a ten-year period was set after the advice of coral reefs dynamics experts. In our case, a recovery of the bottom profile at the dredging site was visible 14 months after removal of the ship [1] and preliminary results of the monitoring program now in progress show that the process continued for at least four years, suggesting that a minimum fiveyear period would be suitable to address future environmental costs in soft bottoms.
Our approach appears suitable to address existing inquiries regarding fairness of environmental bonds. It may contribute to the state of the art and in the decisionmaking process of environmental authorities as well. In any case, our effort would confirm that the legal figure of the environmental bond deserves being part of the coastal professional's toolbox [1] .
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